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(54) Analog multi-channel probe system. 



(57) A programmable analog multi-channel probe 
system is embedded within a device . under, test 
for coupling test points to external measure- 
ment points of the device under test. Prog- 
rammable input buffer amplifiers are coupled to 
the test points to couple the data at those points 
to their outputs when enabled. The data from 
the input buffer amplifiers are input to respec- 
tive routers to provide a plurality of outputs. 
Each common output from the routers is coup- 
led as an input to an output buffer amplifier that 
provides the data as an output when enabled. 
The data at the output of the output buffer 
amplifiers is converted to a differential signal 
for transmission to the external measurement 
point by differential input/output amplifiers that 
have a reference level, selected from a plurality 
of reference levels including an internal refer- 
ence level, as an input for comparison with the 
data from the output buffer amplifiers. A termi- 
nation circuit may be provided for each output 
to provide appropriate impedance interface 
with the measurement points. 
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Background of th Invention 

The present invention relates to analog probe 
systems, and more particularly to an analog multi- 
channel probe system for embedment into a device 
under test (DUT) that provides for high speed analog 
and digital signals to be routed to points where they 
may be measured by conventional methods. 

There exist today several integrated circuits that 
are controlled by a standard IEEE 1149.1 boundary 
scan interface. Current boundary scan based meth- 
ods of testing integrated circuits work well where the 
integrated circuits to be tested are static and digital, 
but fall short when at-speed or analog testing is re- 
quired. Optimum solutions to these problems would 
be to embed an "oscilloscope-on-a-chip" and a "VLSI- 
tester-on-a-chip" into the integrated circuit or system 
to be tested (DUT). Unfortunately such chips present- 
ly do not have the price/performance levels required 
to make them practical for most applications. Also 
many potential test points are externally inaccessible 
due to the spacing of leads on integrated circuits, the 
density of parts on a printed circuit board, or the bury- 
ing of such points within a multi-layer multi-chip mod- 
ule or printed circuit board. Therefore testing with con- 
ventional instruments and automated test equipment 
(ATE) is possible only at interfaces where the circuit 
or board connections are accessible. 

What is needed is an analog multi-channel probe 
system for providing data from inaccessible test 
points to points that are accessible for measurement 
by conventional test and measurement instruments. 

Summary of the Invention 

Accordingly the present invention provides an 
analog multi-channel test probe system for embed- 
ment in a device to be tested. Aplurality of input points 
are coupled via programmable input buffer amplifiers 
to respective analog routers. The outputs from the 
analog routers are input to programmable output buf- 
fer amplifiers such that up to m of n input points may 
be connected to any of m output points. The m out- 
puts are input to respective differential input/output 
amplifiers where they are compared to a reference 
signal and produce differential outputs. A routing 
switch has as inputs desired reference voltage levels 
and an input from an uncommitted input buffer ampli- 
fier. One of these inputs to the routing switch is se- 
lected as the reference signal. A programmable fifty 
ohm termination is provided for the differential out- 
puts if desired. 

The objects, advantages and other novel fea- 
tures of the present invention are apparent from the 
following detailed description when read in conjunc- 
tion with the appended claims and attached drawing. 



Brief Descripti n of the Drawing 

The Figure is a block diagram of an analog multi- 
channel probe system according to the present inven- 
5 tion. 

Description of the Preferred Embodiment 

Referring now to the Figure a plurality of input sig- 
10 nals INPUT 0-7 from test points of a device under test 
are input to respective programmable input buffer am- 
plifiers 12. Each input buffer amplif ier 12 may be se- 
lectively enabled by an appropriate input enable sig- 
nal. The input buffer amplifiers 12 provide high impe- 
ls dance and low capacitance to the input signals to al- 
low minimum loading on the signal being measured, 
and convert the voltage at the input to a current at the 
output. Theoutputfrom each input buffer amplifier 12 
is input to respective routers 14. The routers 14 each 
20 have a number of outputs equal to the desired number 
of output signals pli.^ one. The particular output line 
from any of the routers 14 on which the signal at the 
input appears is determined by a select command for 
each router. The respective outputs less one from the 
25 routers 14 are input to respective programmable out- 
put buffer amplifiers 16. The extra output from the 
routers 14 is for an uncommitted probe as a reference 
circuit. The routers 14 steer the input currents to the 
desired outputs. Each output buffer amplif ier 16 may 
30 be selectively enabled by an appropriate output en- 
able signal, and converts the current at the input to a 
voltage at the output. In this manner between zero 
and m of the input signals INPUT 0-7 may be routed 
to between zero and m of the output buffer amplifiers 
35 16, i.e., OUTPUT 0-3 as shown. 

The remaining circuitry is for converting the sin- 
gle-ended output signal into a differential output sig- 
nal. A reference input signal REF from the device un- 
der test is applied to an uncommitted input buffer am- 
40 plif ier 18 and an uncommitted output buffer amplifier 
20 coupled in series. The reference input signal REF 
may be selected alternatively from among any of the 
input signals INPUT 0-7 by coupling the extra output 
from the routers 14 to the uncommitted output ampli- 
45 f ier 20. A reference source 22 provides many voltage 
references, such as ECL+, ECL-, TTL and GND. The 
voltage references and the reference input signal 
REF are applied as inputs to analog routing switches 
24 the outputs of which are input to respective differ- 
so ential input/output amplifiers 26. A reference select 
signal is applied to the analog routing switches 24 to 
determine which reference levels are output. The out- 
put signals from the output buffer amplifiers 16 are 
applied as the other inputs to the differential in- 
55 put/output amplifiers 26. The multiple routing 
switches 24 may be replaced with a sing routing 
switch having the output applied in parallel to all of the 
differential input/output amplifiers 26. In this way 
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only a single reference level is selected which is ap- 
plied to all of the differential input/output amplifiers 
26. Differential output signals minimize the effects of 
local crosstalk and noise sources as they travel to a 
measurement point The differential output signals 
from the differential input/output amplifiers 26 are in- 
put to respective selectable termination circuits 28, 
such as 50 ohm circuits, to provide appropriate con- 
nections for conventional test and measurement in- 
struments at the measurement points. A termination 
enable signal determines whether the particular dif- 
ferential output signal is terminated or passed straight 
through to the differential output terminals. Thus the 
input signals may be referenced to the internally gen- 
erated voltage levels or to the reference signal REF 
from the DUT. 

Astandard IEEE 1149.1 boundary scan interface 
30, or similar program bus, is provided for program- 
ming the analog multi-channel probe system. A test 
access port (TAP) controller 32 provides appropriate 
sig nals from a test clock TCK and a test master signal 
TMS. Test input data TDI is loaded serially into a con- 
trol register 34, an instruction register 36 and a by- 
pass register 38. A test data output multiplexer 40 is 
coupled to have as inputs the outputs from the control 
register 34, the instruction register 36 and the bypass 
register 38 to provide test output data TDO back to the 
boundary scan interface. A decoder logic circuit 42 
converts the contents of the control register 34 into 
respective enable/select signals for the input and out- 
put buffer amplifiers 12, 16, the routers and routing 
switches 14, 24, and the termination circuits 28. 

Thus the present invention provides a program- 
mable analog multi-channel probe system for embed- 
ment into a device under test, such as a printed circuit 
board, integrated circuit or multi-chip module, that 
couples any test point of the device under test to an 
external measurement point where conventional in- 
strumentation may be used to measure the voltage(s) 
at the selected test point(s). 



Claims 

1. An analog multi-channel probe system compris- 
ing: 

a plurality of programmable input buffer 
amplifiers, each input amplifier having an input 
coupled to a test point of a device under test, an 
output and a control terminal by which the input 
amplifier is enabled; 

a plurality of programmable routers, one 
router for each input buffer amplifier with each 
router having an input coupled to a separate one 
of the input buffer amplifier outputs, a plurality of 
outputs and a control terminal by which the input 
is coupl d to one of the outputs; and 

a plurality of programmable output buff r 



ampli f iers, each output buffer amplifier having an 
input coupled to a separate one of the router out- 
puts, an output coupled to an external measure- 
ment point and a control terminal by which the 
5 output buffer amplifier is enabled so that any test 

points may be coupled to any external measure- 
ment points as determined by control commands 
applied to the control terminals of the input and 
output buffer amplifiers and the routers. 

10 

2. The probe system as recited in claim 1 further 
comprising means for converting the outputs 
from the output buffer amplifiers to differential 
outputs with respect to a selected one of a plur- 

15 ality of reference levels. 

3. The probe system as recited in claim 2 further 
comprising means for selectively providing a de- 
sired termination for the differential outputs. 

20 

4. The probe system as recited in claim 2 wherein 
the converting means comprises: 

means for selecting as an output one of a 
plurality of reference levels; 
25 means for generating the plurality of refer- 

ence levels; and 

means for producing the differential out- 
puts from the outputs of the output buffer ampli- 
fiers as a function of the selected reference level. 

5. The probe system as recited in claim 4 wherein 
the converting means further comprises means 
for deriving from the device under test a refer- 
ence signal as another input to the selecting 

as means so that the output of the selecting means 

is selected from among the reference levels and 
the reference signal. 

6. The probe system as recited in claim 2 wherein 
40 the converting means comprises: 

means for deriving from the device under 
test a reference level; and 

means for producing the differential out- 
puts from the outputs of the output buffer ampli- 
45 fiers as a function of the reference level. 

7. The probe system as recited in claim 1 further 
comprising means for programming appropriate 
commands for application to each control termi- 

50 nal so that specified test points may be coupled 

to specified external measurement points. 

8. The probe system as recited in claim 1 further 
comprising means for converting the outputs 

55 from th output buffer amplifiers to differential 

outputs in response to a level signal. 

9. Th probe system as recited in claim 8 wherein 



3 



EP 0 650 069 A2 



the converting means comprises a plurality of dif- 
ferential input/output amplifiers, each differential 
input/output amplifier having a separate one of 
the outputs from the output buffer amplifiers as 
a first input and the level signal as a second input 5 
and having a pair of output terminals to provide a 
differential output. 

10. The probe system as recited in claim 8 wherein 

the converting means comprises: 10 
means for selecting a reference level from 

among a plurality of input reference levels as the 

level signal; and 

means for generating from the selected 

reference level and the outputs from the output 15 

buffer amplifiers the differential outputs. 

11. An electronics device having at least one primary 
function and containing a probe system for test- 
ing the ability of the device to perform that func- 20 
tion, the system comprising a plurality of input 
buffers having inputs connected to respective 

test points, a plurality of routers each having an 
input connected to an output of a respective input 
buffer and a plurality of outputs, and a plurality of 25 
output buffers each having an input connected to 
outputs of respective routers and an output con- 
nected to an external measurement point, where- 
by each test point can be selectively coupled to 
any external measurement point by appropriate 30 
control of the routers. 
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